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A b s t r a c t  The FN p l o t s  f o r  S i  t i p s  a r e  c l a s s i f i e d  i n t o  l i n e s  and  c u r v e s  
depend ing  on t h e  t h i c k n e s s  o f  t h e  s u r f a c e  o x i d e  f i l m ,  b u t  t h e  FN p l o t s  
f o r  a  GaAs t i p  shows o n l y  s t r a i g h t  l i n e s .  A  doub le  peak s t r u c t u r e  i n  t h e  
e n e r g y  d i s t r i b u t i o n  c u r v e  h a s  been  o b s e r v e d  o n  t h e  f i e l d  d e s o r b e d  s u r f a c e  
a t  medium f i e l d  a f t e r  d e p o s i t i o n  o f  1-2 ML o f  A1 o n t o  a  S i  s u r f a c e .  
However, w i t h  i n c r e a s i n g  t h e  amount o f  d e p o s i t i o n  o f  A1 t o  3 ML o n  t h e  S i  
s u r f a c e ,  t h e  d o u b l e  p e a k s  d i s a p p e a r  c o m p l e t e l y .  T h i s  r e s u l t  s u g g e s t s  
t h a t  t h e  s u r f a c e  l a y e r s  a r e  p e r f e c t l y  m e t a l l i z e d  e v e n  a t  room 
t e m p e r a t u r e .  An o x i d e  f i l m ,  t h i n n e r  t h a n  t h a t  on  a  S i  s u r f a c e ,  formed on 
t h e  GaAs s u r f a c e  and  t h e  s u r f a c e  compos i t e  a toms o f  GaAs c a n  e a s i l y  b e  
d e s o r b e d  by f i e l d  d e s o r p t i o n .  An i n t r i n s i c  p o t e n t i a l  d r o p  d i s a p p e a r s  
s u d d e n l y  a t  a  c e r t a i n  f i e l d ,  t h a t  i s ,  t h e  s u r f a c e  r e g i o n  o f  t h e  f i e l d  
d e s o r b e d  t i p  is composed o f  m e t a l l i c  s p e c i e s .  

1 - INTRODUCTION 

I n  r e c e n t  y e a r s ,  w i t h  i n c r e a s i n g  c i r c u i t  d e n s i t y  i n  VLSI, a  g r e a t  d e a l  o f  
i n t e r e s t  h a s  been  f o c u s s e d  o n  t h e  f o r m a t i o n  o f  i n t e r f a c e s  be tween m e t a l s  and  
s e m i c o n d u c t o r s  and  t h e i r  m i c r o s c o p i c  s t r u c t u r e ,  t h a t  i s ,  a n  u n d e r s t a n d i n g  o f  a n  
o r i g i n  o f  e l e c t r o n i c  p r o p e r t i e s  a t  a n  a t o m i c  l e v e l .  

Two and t h r e e  d i m e n s i o n a l  a t o m i c  s t r u c t u r e s  o f  t h e  i n t e r f a c e  h a v e  been  
s t u d i e d  u s i n g  s u r f a c e  s e n s i t i v e  a n a l y s i s  methods s u c h  a s  Auger,  h i g h  r e s o l u t i o n  
TEM, SEM a n d  STM r e s p e c t i v e l y .  I n  t h i s  s t u d y  t h e  d e s o r p t i o n  of s u r f a c e  o x i d e  
l a y e r s ,  b u l k  a toms ,  a d s o r b e d  l a y e r s  and  t h e  compos i t e  l a y e r s  o f  A1 and  S i r  were  
measured  u s i n g  a  p r o b e  h o l e  FEM, t h e  m o s t  s e n s i t i v e  t o o l  f o r  t h e  d e t e c t i o n  o f  
a d s o r b e d  s p e c i e s ,  and  a  r e t a r d i n g  p o t e n t i a l  a n a l y s e r  which  i s  a b l e  t o  d e t e c t  a  
minu te  change i n  s u r f a c e  c o n d u c t i v i t y .  

2  - EXPERIMENTAL PROCEDURE AND RESULTS 

The e x p e r i m e n t a l  p r o c e d u r e  a n d  a p p a r a t u s  h a v e  been  d e s c r i b e d  i n  a  p r e v i o u s  
p a p e r  /1/ a n d  w i l l ,  t h e r e f o r e ,  b e  d e s c r i b e d  f o r  GaAs o n l y  b r i e f l y .  
A ( 1 1 0 )  o r i e n t e d ,  n-GaAs b a r  ( 0 . 4  x  0 . 4  x  7mm) was mounted on a  Mo l o o p  by a  
s i m i l a r  method t o  t h a t  o f  t h e  p r e v i o u s  p a p e r .  The sample  was d i p p e d  i n  a  
b o i l i n g  s o l u t i o n  of  one  p a r t  o f  H20, one  p a r t  o f  H202 and  f i v e  p a r t s  o f  H2SO4 
u n t i l  a  t i p  r a d i u s  of 500-1000A was r eached .  

2 . 1  C l e a n i n g  p r o c e s s  

2 .1 .1  FN p l o t s  f o r  Si a n d  GaAs. A f t e r  t h e  p r e s s u r e  of t h e  s y s t e m  r e a c h e d  
T o r r ,  f i e l d  d e s o r p t i o n  was begun w i t h  a  low f i e l d ,  which  was i n c r e a s e d  

s t e p  by s t e p  u n t i l  a  s t e a d y  FN p l o t  was o b t a i n e d  o r  t h e  t i p  was r u p t u r e d  by 
t h e  h i g h  f i e l d .  The s u r f a c e  c h a r a c t e r i s t i c s  o f  e a c h  f i e l d  d e s o r p t i o n  p r o c e s s  
w e r e  r k c o r d e d  u s i n g  FN p l o t s ,  r e t a r d i n g  p o t e n t i a l  and e n e r g y  d i s t r i b u t i o n  
c u r v e s .  The FN p l o t s  f o r  t h e  S i  t i p  a r e  c l a s s i f i e d  i n t o  l i n e s  or c u r v e s  
d e p e n d i n g  on t h e  t h i c k n e s g  o f  t h e  s u r f a c e  o x i d e  f i l m .  The amount o f  p o t e n t i a l  
d r o p  a t  t h e  s u r f a c e  i s  i n  p r o p o r t i o n  t o  some e x t e n t  t o  t h e  c u r v a t u r e  o f  t h e  FN 
p l o t .  However, t h e  FN p l o t s  f o r  GaAs a r e  o n l y  l i n e s  r e g a r d l e s s  o f  t h e  e t c h i n g  
c o n d i t i o n .  
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2.2 C l e a n  S u r f a c e  

2 .2 .1  S i .  The b e h a v i o u r  o f  t h e  c l e a n  s u r f a c e  of S i  h a s  been  d e s c r i b e d  
p r e v i o u s l y  and  w i l l ,  t h e r e f o r e ,  b e  d i s c u s s e d  o n l y  b r i e f l y .  The t h i c k n e s s  o f  
s u r f a c e  o x i d e  formed on t h e  S i  s u r f a c e  depends  on  t h e  e t c h i n g  c o n d i t i o n  a n d  
a l s o  it is  conce rned  w i t h  t h e  c u r v a t u r e  o f  FN p l o t s  f o r  s u r f a c e s  c o v e r e d  w i t h  
t h i c k  o x i d e ,  which  bend down a t  h i g h  f i e l d .  The more o x i d e  f i l m  c o v e r i n g  t h e  
s u r f a c e ,  t h e  more b e n t  t h e  FN p l o t  which  i s  o b t a i n e d .  The t h i c k e r  o x i d e  l a y e r s  
c o u l d  n o t  b e  d e s o r b e d  a t  u s u a l  d e s o r p t i o n  f i e l d s .  The S i  s u r f a c e  c a n  e a s i l y  be 
m e t a l l i z e d  e v e n  a t  room t e m p e r a t u r e  by less t h a n  a  ML o f  A1 a d s o r b e d  on it. 

2.2 .2  GaAs. I n  t h e  c l e a n i n g  p r o c e s s ,  t h e r e  a r e  t h r e e  c a s e s ,  i .e .  ( 1 )  t h e  
p o t e n t i a l  d r o p  a t  t h e  s u r f a c e  i s  l a r g e  and depends  on  t h e  FE c u r r e n t ,  ( 2 )  t h e  
p o t e n t i a l  d r o p  i s  s m a l l  and  i n d e p e n d e n t  o f  FE c u r r e n t ,  ( 3 )  t h e  p o t e n t i a l  d r o p  
is  a  l i t t l e  and  c o n s t a n t  a l l  o v e r  t h e  d e s o r p t i o n  f i e l d .  I n  t h e  c a s e  o f  l a r g e  
p o t e n t i a l  d r o p s ,  t h e  v a l u e  o f  V ( t h  ) d e c r e a s e d ,  w i t h  f l u c t u a t i o n s  i n  i t s  
magni tude .  A t  a  c e r t a i n  f i e l d ,  t h e  v a l u e  o f  V ( t h )  became c o n s t a n t  and  
i n d e p e n d e n t  o f  FE c u r r e n t .  The v a l u e  o f  V ( t h )  k e p t  c o n s t a n t  on f u r t h e r  
i n c r e a s e  o f  t h e  f i e l d  u n t i l  t h e  t i p  was r u p t u r e d .  The c l e a n  s u r f a c e  was 
o b t a i n e d  a t  t h i s  f i e l d  by d e s o r b i n g  t h e  s u r f a c e  o x i d e  and a  p a r t  o f  t h e  s u r f a c e  
compos i t e  a toms a s  shown i n  F i g . 1 .  By a d s o r p t i o n  o f  A l ,  t h e  work f u n c t i o n  o f  
t h e  c l e a n  s u r f a c e  was changed b u t  on  t h e  c o n t r a r y ,  t h e r e  was no i n f l u e n c e  on 
t h e  V ( t h )  a t  c l e a n  s u r f a c e .  

3 - DISCUSSION 

3 .1  M e t a l l i c  c l e a n  s u r f a c e  o f  GaAs. The v a l u e  o f  V ( c l e a n ,  2000-4900 V) i s  
dependen t  on  s u r f a c e  o x i d a t i o n  and  t i p  r a d i u s .  The f a c t  t h a t  t h e  v a l u e  o f  
V ( t h ) ,  4.0-6.5V, a t  V ( c 1 e a n )  is i n d e p e n d e n t  o f  FE c u r r e n t  s u g g e s t s  t h a t  t h e  
s u r f a c e  h a s  m e t a l l i c  p r o p e r t i e s .  I t  is w e l l  known t h a t  t h e  a t o m i c  p o s i t i o n s  o f  
t h e  topmost  l a y e r s  o f  most  s e m i c o n d u c t o r  s u r f a c e s  a r e  n o t  t h e  same a s  t h e i r  
b u l k  p o s i t i o n s .  I n  t h e  c a s e  o f  GaAs (110)  wh ich  h a s  e q u a l  numbers o f  s u r f a c e  Ga 
and  As a toms,  t h e  topmos t  As a toms a r e  b e l i e v e d  t o  be  d i s p l a c e d  outward  
a p p r o x i m a t e l y  0 . 3  A, w h i l e  t h e  topmos t  Ga a toms a r e  d i s p l a c e d  inward  
a p p r o x i m a t e l y  0.5 A  r e l a t i v e  t o  i d e a l  s u r f a c e  /2 / .  

When a  h i g h  f i e l d  was a p p l i e d  t o  t h e  t i p ,  t h e  s u r f a c e  g r a d u a l l y  became Ga 
r i c h  a s  t h e  p r o t r u d i n g  topmos t  As a toms c a n  e a s i l y  be deso rbed .  I n  t h e  
r e t a r d i n g  p o t e n t i a l  c u r v e ,  t h e  v a l u e s  o f  V ( t h )  r e a c h e d  some c o n s t a n t  l e v e l .  
T h i s  means t h a t  t h e  Fe rmi  l e v e l  is  f i x e d  t o  s o m e  c o n s t a n t  v a l u e .  The movement 
o f  t h e  s u r f a c e  Fermi  l e v e l  p o s i t i o n  by a d s o r p t i o n  o f  a  minu te  amount o f  f o r e i g n  
a toms  h a s  b e e n  o b s e r v e d  by W.E.Spicer e t  a l .  /3 / .  The V ( t h )  a t  c l e a n  s u r f a c e  
g i v e s  t h e  r e l a t i v e  v a l u e  o f  t h e  f i n a l  Fermi  l e v e l  p i n n i n g  p o s i t i o n .  

3.2 An i n t r i n s i c a l l y  c l e a n  S i  s u r f a c e .  S i  s u r f a c e s  p r e p a r e d  by e l e c t r o l y t i c  
e t c h i n a  a r e  o f  two t v p e s .  h a v i n s  h i a h  a n d  low s u r f a c e  c o n d u c t i v i t v  
r e s p e c t i v e l y .  When the f i e l d  was i n c r e a s e d  t o  c l e a n  t h e  s u r f a c e , - a n  i n t r i n s i c  
s t r u c t u r e  was d e v e l o p e d  a t  t h e  topmos t  l a y e r s  by d e s o r b i n g  t h e  doped a toms 
p r e f e r a b l y  f rom t h e  s u r f a c e .  The V ( t h )  i n c r e a s e d  t o  a  s a t u r a t e d  v a l u e  f o r  t h e  
h i g h  c o n d u c t i v e  s u r f a c e  which  c o r r e s p o n d s  t o  t h e  l i n e a r  FN p l o t .  Bu t  t h e  V ( t h )  
d e c r e a s e d  t o  s o m e  c o n s t a n t  v a l u e  a s  t h e  FD p roceeded  i n  t h e  c a s e  f o r  t h e  low 
c o n d u c t i v e  s u r f a c e ,  wh ich  c o r r e s p o n d s  t o  t h e  b e n t  FN p l o t ,  by d e s o r p t i o n  o f  t h e  
s u r f a c e  o x i d e  l a y e r s .  

3 .3  A d s o r p t i o n  o f  A1 on S i  and  GaAs. I n  t h i s  s t u d y ,  a f t e r  a  ML o f  A1 was 
d e ~ o s i t e d  on a  h i a h  c o n d u c t i v e  c l e a n  S i  s u r f a c e .  V ( t h )  was measured  a s  a  
f u n c t i o n  o f  V ( F D ) :  The v a l u e  o f  V ( t h )  r ema ined-  n e a r l y  c o n s t a n t  and  a l s o  
i n d e p e n d e n t  o f  FE c u r r e n t  on  t h e  f i r s t  and  second  A1 d e p o s i t e d  s u r f a c e .  
However, e n e r g y  d i s t r i b u t i o n  c u r v e s  f o r  e a c h  p r o c e s s  d i f f e r  i n  s h a p e ,  number o f  
p e a k s  a n d  p o s i t i o n  o f  p e a k s ,  a s  shown i n  F i g .  2. I t  is  conc luded  f rom t h e  above  
t h a t  a  h i g h  e n e r g y  peak a r i s e s  f rom t h e  d e p o s i t e d  Al .  On t h e  f i r s t  d e p o s i t i o n  
o f  a  ML o f  A1 on t h e  s u r f a c e ,  a  s h a r p  m e t a l l i c  peak was o b s e r v e d  a t  low f i e l d .  
Double p e a k s  o r i g i n a t e d  from t h e  m e t a l  and  s u b s t r a t e  a t  medium f i e l d  a n d  a  
r a t h e r  wide  compos i t e  peak  grew u p  a t  h i g h  f i e l d  w i t h  i n c r e a s i n g  amounts o f  
d e p o s i t i o n .  On f u r t h e r  d e s o r b i n g  t h e  o v e r l a y e r s ,  t h e  t h r e s h o l d  v a l u e s  were  



s h i f t e d  t o  h i g h  e n e r g y  a n d  t h e  s a t e l l i t e  peak  d i s a p p e a r e d  a t  h i g h  f i e l d .  I n  
t h e  c a s e  o f  t h e  second  d e p o s i t i o n  o f  a  ML o f  A1 o n  t h e  s u r f a c e ,  t h e  s a t e l l i t e  
peak was more pronounced t h a n  i n  t h e  p r e v i o u s  c a s e  owing t o  t h e  d e n s e r  
p o p u l a t i o n  o f  A l .  On t h e  c o n t r a r y ,  i n  t h e  t h i r d  d e p o s i t i o n  o f  A l ,  o n l y  a  s h a r p  
s i n g l e ,  m e t a l l i c ,  peak a p p e a r e d  a t  arly f i e l d .  A s i m i l a r  t e n d e n c y  was a l s o  s e e n  
f o r  GaAs s u r f a c e s .  
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THE SECOND DEPOSITION OF AL Ek:kEk Fig .2 .  a s  a  f u n c t i o n  Energy o f  d i s t r i b u t i o n  t h e  amount o f  c u r v e s  
a d s o r b e d  A1 and  d e s o r p t i o n  f i e l d  
( i n c r e a s e d  l e f t  t o  r i g h t )  
t o p  : Energy c u r v e s  f o r  FD 

s u r f a c e  a f t e r  a  ML o f  A1 

Ef 
E E d e p o s i t e d  on  S i .  

midd le  : Energy c u r v e s  f o r  t h e  
THE THIRD DEWSITION OF AL s e c o n d  d e p o s i t i o n  o f  A1 on 

t h e  u p p e r  r i g h t  s u r f a c e .  

bo t tom : The same a s  t h e  above two 
c a s e s  a f t e r  d e p o s i t i o n  o f  
A1 on t h e  r i g h t  p a r t  o f  
t h e  midd le  specimen.  

E, E E E 


